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HABITAT USE BY RUFFED GROUSE
? Maxson birch (Betula papyrifera), big-tooth aspen (Populus grandidentata) and trembling aspen (P. tremuloides). The understory consists of sparse to dense hazel (Corylus sp.) with scattered ferns, grasses, sedges, wild geraniums (Geranium sp.) and largeleafed aster (Aster macrophyllus). White Birch-(3%)-Largely mature white birch 8--20 m high with scattered trembling aspen. The understory consists of scattered hazel or alder ( Alnus rugosa) with dense lady ferns (Athyrium Filix-femina) and interrupted ferns (Osmunda Claytoniana). This type is often found in the transition zone between upland and lowland habitats.
Aspen-( 3% )-Mostly pole size to mature trembling aspen 5-20 m high with a few clones of mature big-tooth aspen. The understory consists of hazel, alder, and/or dense lady ferns, interrupted ferns, and sensitive ferns (Onoclea sensibilis). This type is often found in the transition zone between upland and lowland types.
Mixed Hardwoods-( 10% )-Composed of varying combinations of white birch, yellow birch (Betula lutea), trembling aspen, red maple (Acer rubrum), American elm (Ulmus americana), black ash (Fraxinus nigra), and tamarack (Larix laricina). The understory is composed of scattered alders and dogwoods (Cornus sp.), usually with dense ferns dominated by cinnamon ferns (Osmunda cinnamomea) and lady ferns. This type is usually somewhat hummocky and often has areas of standing water in spring.
White Cedar--(6%)--Largely mature white cedar (Thuja occidentalis) with scattered tamarack and white birch. This type often contains many deadfalls. There is little or no shrub understory present. The forest floor is covered largely by mosses and usually has pockets of standing water throughout the growing season. Home ranges were calculated by dividing the study area into a grid of 0.037 ha squares (18.4 m on a side). Each location was assigned to the appropriate grid square. When 1 or more fixes fell within a square it was assumed that the entire square was used by the bird. To estimate home range size, the area within each occupied grid square plus certain unoccupied squares was summed. Squares containing no fixes were included in the home range if: 1) 2 occupied squares were separated in a horizontal or vertical direction on the grid by 3 or fewer empty squares, or 2) if 2 occupied squares were separated in space by 0.13 km or less and in time by 20 minutes or less, a straight line of travel between the 2 squares was assumed and all empty squares falling along that line were included in the home range.
Habitat use was determined by overlaying home range maps on a habitat map coded for the 10 habitats. The number of fixes falling in each habitat type was determined. If more than 1 habitat type was present within a square, the square was given the vegetation code of the habitat constituting the largest portion of the square.
A portable receiver was used to determine the exact feeding locations of hens during the incubation period. This was discontinued after emerging foliage made observations virtually impossible.
RESULTS
Location data from 15 female ruffed grouse (4 adults-22 months or older, 10 yearlings, 1 unknown) yielded a total of 48,533 fixes during 844 grouse-days. All hens nested. Nine successfully hatched broods, 5 had clutches depredated, and 1 was killed by a predator during incubation. Four brood hens were killed by predators during the study whereas broodless hens suffered no mortality (Maxson 1974:19-21). Table 1 summarizes home range data for the prelaying, laying, and incubation periods. The largest mean range size was obtained during the prelaying period. Movements decreased during laying and reached a minimum during incubation. Mean cumulative home ranges indicated that areas used during the laying and incubation stages were largely contained within the area utilized during the prelaying phase. Prelaying ( HABITAT USE BY RUFFED GROUSE * Maxson 65 To obtain a clearer overall picture of habitat use on the study area by the female grouse population, mean percentages of fixes falling in each habitat type during each time period (except incubation) were calculated. Use of percentages gave each grouse equal weighting despite unequal numbers of fixes among birds. This assumed that sufficient fixes were obtained for each hen to give a representative sample of that bird's habitat use during the period. To derive a measure of habitat preference or avoidance, the percentage occurrence of each habitat on the study area was subtracted from the mean percentage of fixes falling in that habitat. These data are illustrated in Fig. 3 . A positive value indicates preferential use of that habitat. As this value increases stronger preferences for that type are indicated. Negative values indicate avoidance. The minimum negative value can be no lower than the percentage occurrence of the habitat on the study area (i.e., zero usage of white birch would be recorded as only a -3 on the graph since this habitat makes up only 3 percent of the study area). This method assumed that hens selected habitats on the basis of habitat characteristics alone and were minimally influenced by neighboring grouse. Nest Locations.-A total of 22 nests were located during the study. Seventeen were in mixed hardwoods or oak habitats (Table  3) . These 2 habitats comprised only 33 percent of the study area, suggesting that they were selected in a nonrandom manner. The forest floors of both types were quite open during nest initiation. By the time of hatching, dense fern cover had reached a height of about 1 m in the mixed hardwoods while the oak type remained relatively open. There was a marked difference in success between nests in oak (2 of 8 successful) and those in mixed hardwoods (8 of 9 successful) suggesting that nests in the latter habitat were more secure from predators.
Home Range
Seven nests were in areas containing considerable amounts of standing water within a 10 x 10 m quadrat around the nest (mixed hardwoods-4, tamarack-1, mixed shrubs-i,  oak-1) . The proportion of the quadrat covered by water ranged from 10-85 percent (mean =42%). Six of these nests were successful.
Incubation.-Maxson (1977) reported that 12 hens averaged 95.7% of the incubation period on the nest and normally left only to feed. Since the areas utilized by hens during the incubation period were small (Table 1) , the grid-square method of habitat usage analysis reflected primarily the habitat type within which the nest was located. Field observations of hens while off the nest (Table 4 ) revealed a different situation. Hens used trembling aspen extensively during this period. This observation agrees with Schladweiler (1968), although he reported that only male aspens were utilized. No preference for male aspens was noted at Cedar Creek during this period as more than half the hens fed in female trees. At that time new leaves were emerging, most male catkins had fallen and female catkins were attaining full size. The hens apparently ate mostly leaves but female catkins were also taken.
Hens seldom fed in aspens closest to the nest. Flights ranging from 28 to 185 m to a feeding site were recorded. In all but 2 cases there were aspens closer to the nest than the one fed upon (Table 4) . This suggested that hens were selecting specific clones or individual trees as feeding sites. The telemetry record indicated that se- The increase in brood home range size during the first 3 weeks (Fig. 1) Archibald (1975) reported an increased tendency for females to use upland habitats as nesting activities began. In the present study (Fig. 3) (Fig. 3) . Although the open field habitat was avoided throughout the study period, its greatest use was by broods. On a number of occasions both marked and unmarked broods were flushed in an open field or along a white birch habitat edge adjacent to a field.
A number of studies (e.g., Svoboda and Gullion 1972) have shown trembling aspen to be an important food of ruffed grouse. The grid-square method of habitat use analysis indicated that aspen did not receive substantial use during my study (Table 2, Fig. 3 ). This method underestimated the importance of aspen to the birds. Field observations indicated that trembling aspens were heavily used food sources at least during preincubation and incubation periods. Feeding sessions in aspen normally lasted 15-30 minutes during which time only 1 or 2 fixes would be recorded. Aspen clones were scattered over the study area and after feeding, the normal movements of a bird would soon take it out of the aspen type. Even if hens fed exclusively on aspen only a small proportion of fixes would necessarily be recorded in that habitat.
Since ruffed grouse are considered to nest in upland habitats it was surprising to find 7 nests in wet areas. Whether the high grouse populations affected the location of nests is not known. It appeared that sufficient upland sites were available if hens chose to use them. Nests in wet areas may be more common than generally believed. Since lowlands are usually more difficult for humans to traverse, activities which lead to the chance finding of nests probably occur in uplands. The high success rate of lowland nests suggests a selection pressure for hens to utilize these areas as nest sites.
An overall comparison of brood and broodless hens during the postincubation period indicated that hens with broods had different activity patterns (Maxson 1977), used larger home ranges, occupied different habitats, and suffered higher mortality rates than hens without broods. These differences can be largely explained by analyzing the requirements of the 2 groups. Broodless hens can meet all their survival requirements during this season by remaining in a small area of dense alder habitat. This contains abundant plant food and appears secure from potential grouse predators. Nicholls and Warner (1972) found that radio-marked barred owls (Strix varia) avoided the alder habitats at Cedar Creek presumably because of the difficulty they had in finding and pursuing prey in the dense vegetation. Possibly other grouse predators avoid this habitat as well. On the other hand, brood hens are under strong selection pressure for behavior patterns beneficial to chicks; behaviors which are not necessarily of high survival value to the hens themselves.
Differences in activity patterns between the 2 groups were primarily due to the necessity of the hen to brood young chicks
